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1 

Method and system for testing data channel functionality in a radio apparatus 

The invention relates in general to testing the functioning of radio apparatuses. In 
particular the invention relates to testing the functioning of data channels in a radio 
apparatus. The description of the invention especially focuses on the type approval 
5 testing of the functioning of a radio apparatus but the functioning of radio appa- 
ratuses is of course tested in many other connections as well, e.g. during product 
development, manufacture, repair and service. 

Up till the second-generation digital cellular radio systems, mobile stations have 
been mainly telephones and the information transmitted has been mainly digitized 

10 speech. A certain so-called traffic channel has been specified for speech trans- 
mission on a radio connection between mobile station and base station, and the 
characteristics of said traffic channel have been optimized according to features 
typical of digitized speech. However, the use of mobile stations is becoming more 
diversified as extensions are being planned to die second-generation systems and 

15 especially when the third-generation cellular radio systems will be introduced. Good 
examples of second-generation extensions are the systems that are planned as GSM 
(Global System for Mobile telecommunications) extensions, namely, HSCSD (High 
Speed Circuit Switched Data), in which multiple timeslots in a TDMA frame are 
allocated to a connection between a terminal and base station, GPRS (General 

20 Packet Radio System), which is based on packet switched connections between a 
base station and terminal instead of the circuit switched connections used earlier, 
and EDGE (Enhanced Data rates for GSM Evolution), which achieves a consider- 
ably higher momentary transmission rate between a base station and terminal than 
prior-art systems by changing the modulation methods and channel coding. GSM 

25 generally refers to all its different versions at the 900-MHz, 1800-MHz, and 1900- 
MHz operating frequencies, although the latter two have also been called DCS 1800 
and DCS1900 (Digital Communications System at 1800/1900 MHz). 

In the more diversified mobile communications, data transmission will have much 
more importance than nowadays. Data generally refers to transmitted information 
30 other than digitized speech. Data transmission is characterized by generally not 
being real-time and having totally different requirements concerning error correction 
and transmission rate fluctuations than digitized speech. Data transmission is used 
especially when a terminal of a cellular radio system comprises a mobile station to 
which a separate data-processing auxiliary such as a computer is connected. For 
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data transmission, mobile communication systems specify special data channels the 
characteristics of which can be optimized for data transmission. 

Testing data channel related functions of terminal equipment has proven problem- 
atic. Data channels have traditionally been used in situations according to Fig. 1 

5 where a separate data terminal equipment (DTE) is locally connected to a mobile 
station (MS) functioning as terminal equipment through a terminal adapter (TA). 
During the test, a simulation system (SS) simulates a cellular radio system. Testing 
the functioning of a data channel has required mat between the SS and DTE a 
working data link is established via the MS, serving a simultaneously running 

10 application requiring data transmission. The application in question has to be active 
in the DTE and it has to be simulated in the SS, which results in extra complexity in 
the test. Furthermore, GSM specification 05.05 specifies quite a high coding gain 
for data channels with respect to channel coding, which means mat the number of 
bits to be tested easily grows quite large. This, in turn, adds to the duration of the 

15 test. 

The need for a separate data terminal equipment and an application running in it as 
well as the long testing time easily result in that the data terminal equipment drops 
the data connection established for the test because a time-out occurs in the appli- 
cation in question or because the number of errors observed on the data channel 

20 exceeds a threshold specified in the application. In addition, the general test practice 
of looping a frame received by the data terminal equipment in the dowidink 
direction from the SS bit by bit back to the SS in the uplink direction usually con- 
fuses the uplink frame numbering typical of data channels, which also causes the 
data terminal equipment to disconnect die data call. Furthermore, problems arise 

25 from the fact that information transmitted on data channels may comprise higher- 
level units which have to be broken down to several consecutive or closely-situated 
bursts for the radio connection between base station and mobile station. To be able 
to ensure error-free reception of information thus transmitted a data terminal equip- 
ment must decode a large number of frames and recombine the data in them. All this 

30 leads to that the testing of the functioning of a data channel according to the 
traditional method tests largely the operation of the tenninal adapter and data 
terminal equipment connected to the mobile station rather than the operation of the 
mobile station itself This is inappropriate, particularly as concerns tests related to 
type approval of mobile stations. 

35 Solutions for the disconnection problem have been searched for in the direction of 
DTE operation, i.e. a special test mode has been specified in which normal res- 
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ponses to a long connection time and confusion of frame numbering are left out 
This, however, will not eliminate the problem that the result of the test intended to 
test the mobile station largely depends on whether the data terminal equipment and 
the software controlling its operation function correctly. 

An object of the present invention is to provide a method for testing the functioning 
of data channels in a mobile station such that the testing is directed as intended to 
the operation of the mobile station. Another object of the invention is to provide a 
mobile station in which the operation of data channels can be tested in the above- 
mentioned manner. 

The objects of the invention are achieved by specifying the necessary functions to 
loop the downlink data related to the data channels tested back in the uplink 
direction in a mobile station such that the data do not travel through external data 
terminal equipment 

The method according to the invention is characterized in that in response to a 
command of a certain protocol level received from the test equipment the mobile 
station establishes a data channel test loop to loop the downlink data received from 
the test equipment back in the uplink direction to the test equipment, and during the 
test, the reception of downlink data and transmission of uplink data are carried out 
controlled by said protocol level. 

The invention is also directed to a mobile station which is characterized in that it 
comprises means for cycling downlink data received from test equipment back in 
the uplink direction to the test equipment in response to a command of a certain 
protocol level, controlled by said protocol level. 

In accordance with the invention, the communications protocol controlling the test 
situation is altered such that in the test mode, only the necessary lower protocol 
level connection is opened between the mobile station and the test equipment simul- 
ating the cellular radio system. There is no need to connect an external data terminal 
equipment to the mobile station, nor is it necessary to establish a data connection 
proper in the sense that the higher protocol levels were aware of the connection 
established. As the higher protocol levels are not aware of any data connection, no 
function related to them will drop the connection prematurely. Test data are 
transferred downlink from the test equipment to the mobile station which loops the 
appropriate test data back in the uplink direction. 
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To test various functions of a mobile station a plurality of embodiments of the 
invention can be disclosed which differ in how "deep" in the mobile station the 
looping back of test data in the uplink direction occurs. Depth refers to the number 
of components and/or functions the downlink test data passes in the mobile station 
5 before being looped back uplink. Preferred embodiments include e.g. the loopback 
of test data, after reception, demodulation, and decryption to encryption, modulation 
and transmission, and after reception, demodulation, decryption and channel 
decoding to channel encoding, encryption, modulation and transmission. 

The invention makes it possible to direct the testing of data channel functionality to 
10 those mobile station parts the operation of which is to be verified e.g. in connection 
with mobile station type approval tests. Furthermore, test equipment can be made 
simpler and tests avoid the difficulties caused by the operation of data terminal 
equipment It is a further advantage of the invention that the connection between the 
test equipment and the mobile station tested will not be disconnected in die middle 
15 of a test An additional advantage of the invention is that testing methods used by 
different manufacturers will become more uniform, which improves the reliability 
of testing. 

The invention will now be described in more detail with reference to the preferred 
embodiments presented by way of example and to the accompanying drawing 
20 wherein 

Fig. 1 illustrates testing according to the prior art, 

Fig. 2 illustrates the principle of the invention, 

Fig. 3 shows a block diagram of a mobile station according to the invention, 

Fig. 4 shows the architecture of a protocol level in a data communications 

25 protocol, and 

Fig. 5 illustrates the method according to the invention. 

Above in conjunction with the description of the prior art reference was made to 
Fig. 1, so below in the description of the invention and its preferred embodiments 
30 reference will be made mainly to Figs. 2 to 5. Like elements in the drawing are 
denoted by like reference designators. 

Fig. 2 shows an arrangement in which a mobile station 202 to be tested is connected 
in a known manner to test equipment 201. For purposes described later on it is ad- 
vantageous that the mobile station 202 is equipped with a subscriber identity 
35 module (SIM) 203 designed especially for testing purposes, which SIM may be a 
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smart card like the SIM cards used generally in mobile stations or a special SIM 
simulator to establish the necessary connections between the SIM interface in the 
mobile station and a special equipment simulating the operation of the SIM. It 
should be noted mat the combination of a SIM simulator and the equipment simul- 

5 ating the operation of the SIM is not comparable with connecting an external data 
terminal equipment to the mobile station tested. The former is part of the test 
equipment as defined in the specification of the cellular radio system and its 
operation does not involve the problems disclosed in the description of the prior art 
with respect to connecting an external data terminal equipment to a mobile station in 

10 order to tort the functionality of data channels. 

In accordance with the invention the mobile station 202 defines a test loop 204, 
which means that data received on a certain downlink data channel are looped back 
to die uplink direction. The test loop is a logical connection from a certain point in 
die component and function chain intended for processing downlink data to a point 
15 in the component and function chain intended for processing uplink data. Later on it 
will be disclosed in more detail the data that are looped back uplink using the test 
loop. 

Fig. 3 shows a block diagram of a mobile station to which the invention can be 
applied. The mobile station in Fig. 3 is a mobile phone, but the applicability of the 

20 invention is not in any way limited to mobile phones. Interface 301 is an antenna 
interface through which the downlink radio frames (produced by the test equipment 
in the case of testing) are directed to the mobile station. Block 302 represents in 
general all the known RF and IF parts by means of which the received radio- 
frequency signal is converted to baseband. The information in the baseband signal is 

25 reconstructed in a demodulator 303 and possible encryption is decrypted in a de- 
cryption block 304. From tins point 305 on, the processing of received information 
branches according to whether it comprises signalling, digitized speech or data. 
Signalling channel information is directed to a channel decoder 306 and therefrom 
to a control block 307, which is a microprocessor and controls the operation of the 

30 mobile phone. Uplink signalling channel information is produced in the control 
block 307 and channel-encoded in block 308. From point 309 on, the channel- 
encoded uplink signalling information is handled just like any other uplink infor- 
mation, i.e. it is encrypted in an encryption block 310, modulated to baseband 
oscillation in a modulator 311, and mixed to radio frequency in block 312 

35 representing in general the RF parts in the transmit branch, after which it can be 
transmitted via an antenna interface 313. Antenna interfaces 301 and 313 may be 
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one and the same if mixing of uplink and downlink information is prevented by 
means of an appropriate duplexing block (not shown). 

Downlink digitized speech is directed from point 305 to a channel decoder 314 for 
speech channels, and the signals produced by said decoder are further speech 

5 decoded in block 315. Points 316 and 317 form part of a so-called digital audio 
interface (DAI) by means of which digital speech information can be monitored in 
the test equipment. Disregarding the DAI, there is a direct connection from the 
speech decoder 315 to a D/A converter 318 which converts speech information to 
analog form reproducible by a loudspeaker 319. In the uplink direction a micro- 

10 phone 320 picks up speech which is digitized in an A/D converter 321 and which 
can then be directed via the DAI to the test equipment; this portion of the DAI is 
represented by points 322 and 323. Digitized speech may also be directed from 
block 321 direct to a speech encoder 324 and from there to a channel encoder 325 
for speech channels and further to point 309 from which point on the processing of 

1 5 the information continues as described above for uplink signalling information. 

Downlink data channel information is directed from point 305 to a channel decoder 
326 for data channels. When the mobile phone is used together with an external data 
terminal equipment or when the mobile phone is tested using the method according 
to the prior art the channel-decoded data channel information is directed via point 

20 327 to a terminal adapter 328 and further to an external terminal equipment 329. 
Similarly, uplink data channel information is directed from the data terminal equip- 
ment 329 via the terminal adapter 328 and point 330 to a channel encoder 331 for 
data channels which channel-encodes the data which then proceed from point 309 
toward the antenna interface 313 as described above for uplink signalling 

25 information. 

The blocks shown in Fig. 3 are not necessarily separate in a real mobile phone but 
e.g. the channel coding and decoding blocks 306, 308, 3 14, 325, 326 and 33 1 can be 
realized in a single circuit which is programmed to operate in different ways 
depending on whether it is processing signalling, speech or data. It is, however, 
30 customary to depict the blocks shown in Fig. 3 as separate blocks because it helps to 
illustrate the operation of the mobile phone. 

Loopback according to the invention of data channel related data from the downlink 
direction to the uplink direction can be performed at many points of Fig. 3 depend- 
ing on which are the parts the functioning of which is to be tested. This patent 
35 application describes two exemplary embodiments of the invention. In the first 
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embodiment, the test loop refers to the loopback of data channel related data from 
point 305 to point 309, as depicted by line 332. In die second embodiment, the test 
loop refers to the loopback of data channel related data from point 327 to point 330, 
as depicted by line 333. 

5 Test loops are established by certain commands which the mobile station tested 
receives from the test equipment. To illustrate the background and processing of 
those commands it will be next described briefly a portion of the protocol stack of 
an exemplary cellular radio system defined in die specification of said cellular radio 
system with reference to Fig. 4. It is a signalling architecture for the so-called Layer 

10 3 protocol in the GSM system, as specified in ETS GSM 04.07, although some 
minor simplifications have been made in die drawing for graphic clarity which have 
no significance as regards the invention. 

The lowest protocol layer 401 in Fig. 4 is the RR (Radio Resource Management) 
layer which has connections downward via several separate logical channels. These 

15 channels are the RACH (Random Access Channel), BCCH (Broadcast Control 
Channel), AGCH+PCH (Access Grant Channel/Paging Channel), SDCCH (Stand- 
alone Dedicated Control Channel), FACCH (Fast Associated Control Channel) and 
SACCH (Slow Associated Control Channel). Channels related to radio resource 
management are in connection with RR block 402 and other channels are connected 

20 via an RR-SAP (RR Service Access Point) to the next higher protocol layer which is 
the MM (Mobility Management) layer 403. In that layer, channels related to 
terminal mobility management are connected to MM block 404 and other channels 
are directed via their SAPs further upward to layer 405: the connection related to 
call control travels through the MMCC-SAP to the CC (Call Control) part in layer 

25 405, the connection related to supplementary services travels through the MMSS- 
SAP to the SS (Supplementary Services) part in layer 405, and the connection 
related to short messages travels through the MMSMS-SAP to the SMS (Short 
Message-Services) part in layer 405. The CC, SS,. and SMS parts of layer 405 and 
the MM block 404 of layer 403 have connections to the next higher protocol level 

3 0 which is not shown in the drawing. 

When mobile station testing in accordance with the invention is started, it is first 
established an arrangement according to Fig. 2 where the mobile station tested is 
connected in a known manner to the test equipment and test SIM. A mobile 
terminating (MT) radio link is established between the mobile station tested and the 
35 test equipment as shown in Fig. 5. The test equipment sends to the mobile station, 
which is on, a paging request 501 on the paging channel (PCH), and the mobile 
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station responses with a channel request 502 sent on the RACH channel. After that, 
the test equipment sends an immediate assignment message 503, which may contain 
different instructions for the mobile station. The mobile station sends to the test 
equipment a SABM (Set Asynchronous Balanced Mode) message 504, which is in 
5 fact a paging response and which is sent on the SDCCH channel. The test equip- 
ment uses an unnumbered acknowledge (UA) 505 to acknowledge the SABM 
message it has received. 

The contents and form of the messages shown in Fig. 5 are largely specified in 
specification GSM 04.08. However, some messages have portions reserved for 

10 future extensions, which portions can be utilized for harnessing the messages to 
serve the present invention. Specifically, the immediate assignment 503 contains so- 
called rest octets in which the first two bits indicate the contents of the rest of the 
octet. On the date of making this patent application, values 11 and 10 of the values 
of the first two bits of the rest octet have been reserved, but values 01 and 00 are 

15 unused. In accordance with a preferred embodiment of the invention at least one of 
those values can be reserved to indicate that in response to an immediate assignment 
503 the mobile station tested has to set itself in a special test mode. The test mode is 
advantageously defined such that even if the RR-level connection between the 
mobile station and test equipment had been established, the RR layer (layer 401 in 

20 Fig. 4) of the protocol stack of the mobile station will not send indication about the 
connection upward to the MM layer (layer 403 in Fig. 4). As the MM layer and the 
protocol layers above it have no knowledge of the radio connection established, they 
will not attempt to drop the connection because of some monitoring mechanism 
characteristic of them, which e.g. would try to monitor errors in the connection. 

25 So, test mode means that the mobile station to be tested is instructed to switch to a 
data channel and is kept there by means of Layer 3 signalling. The definition of the 
test mode as described above and realization of the definition in practice are easy to 
implement by a person skilled in the art since the mobile station operates entirely 
under the control of its control block (reference designator 307 in Fig. 3). The 

30 control block in turn is a microprocessor which executes a program stored in the 
memory means at its disposal. When that program is written such that in response to 
the reception of a certain Layer 3 command no notification is sent to die higher 
protocol layers, the mobile station is made to operate in the desired manner 
according to the invention. 

35 When a connection has been established in the manner according to Fig. 5 the test 
equipment can send to the mobile station being tested any commands mat do not 
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require the participation of higher protocol levels, which are unaware of the con- 
nection. Below, it is first discussed a case where the test equipment wants the 
mobile station to loop back the downlink data transmitted on the data channel after 
demodulation and decryption, i.e. from point 305 to point 309 as depicted by arrow 
5 332, referring to maikings in Fig. 3. For simplicity, this test loop can be called the G 
loop. As an example, let us particularly consider a case where the data channel to be 
tested is a HSCSD channel, i.e. one in which the data can be located in more than 
one timeslot in die radio frame. Such a channel may also be called a multi-slot 
channel 

10 First, the test equipment sends a test loop closing command related to the data 
channel, which command can be called CLOSE^Mnlti-slotJoop^CMD. The closing 
command may include an identifier on the basis of which the mobile station knows 
that the loop is a G loop. Alternatively, it can be specified that if the CLOSE_Multi- 
slot_loop_CMD message does not include any particular identifier, it orders die 

15 closing of the G loop. For the test equipment to be able to verify that the message 
sent by it anives at the destination, it advantageously starts a timer in conjunction 
with the sending of the message so that the mobile station has to acknowledge the 
message in a certain time set in the timer. The mobile station acknowledges the 
received message using an acknowledge message which can be called 

20 CLOSE_Multi-slotJoop_ACK. Having received the acknowledge message the test 
equipment stops said timer. The mobile station closes the test loop in a certain 
period of time from the sending of the acknowledge. Compatibility with certain 
functions specified earlier may require that a certain value be specified for said 
period of time. In the GSM system an advantageous value for said period of time is 

25 one so-called reporting period, i.e. the duration of a block on the SACCH channel, 
which corresponds to the length of 104 radio frames. Furthermore, it is advant- 
ageous to specify that if the test loop is already closed or an active radio connection 
has not been established in the manner according to Fig. 5, the mobile station shall 
ignore the CLOSE Jdulti-slotJoop_CMD message. 

30 As soon as the G loop has been closed the test equipment can start sending test data. 
Testing is preferably carried out such that the test equipment generates test bursts in 
which the information bits contain desired "raw data", i.e. bit combinations the 
reception of which is to be examined. Functionally, data transmission and reception 
occur on the physical protocol level called Layer 1. In principle, the testing need not 

35 involve any higher protocol levels in the mobile station. Layer 1 does not, however, 
include any commands related to the control of the operation of the mobile station 
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but in order to receive and interpret said commands the mobile station has to be 
active on Layer 3 as well. However, in accordance with the invention, the mobile 
station in the test mode will not send notification to protocol levels higher than this 
despite die fact that in normal operation the information about an active connection 
5 involves all protocol layers up to the application layer which is related to the data 
transmitted through the connection. 

When the G loop is closed the mobile station loops in principle the information bits 
of every burst received on the downlink data channel back to a certain uplink burst 
It is here assumed bursty transmission. The same principle can easily be generalized 

10 to apply to a situation in which the transmission is continuous; Ibis concerns 
especially the testing of mobile stations in systems utilizing the code division 
multiple access (CDMA) method. In the exemplary GSM system each burst has 114 
information bits to loop back, excluding the so-called stealing flags. Preferably the 
loopback does not depend on the contents of the so-called midamble of the received 

15 downlink bursts. In uplink bursts the mobile station uses the midamble that it would 
use anyway. 

The test equipment receives the uplink bursts sent by the mobile station and 
demodulates and decrypts them so that the information bits in a received burst can 
be processed by the test equipment. To compute the bit error ratio (BER) the test 

20 equipment compares the received information bits to the raw data it sent to the 
mobile station. The signal level at which the downlink bursts are delivered to the 
terminal equipment is variable so that the bit error ratio observed by the test equip- 
ment describes the sensitivity of the receiver in the mobile station especially at low 
signal levels. It is typical of type approval tests that a certain minimum sensitivity is 

25 required of a mobile station, meaning that at a given signal level the bit error ratio 
must not exceed a predetermined limit value. 

When the test is about to end, the testing equipment can order the mobile station to 
open the test loop by means of a special command message called e.g. 
OPEN_Mulu-slot_loop_CMD. It is not necessary to identify the test loop in the 
30 message if it has been specified that a mobile station may have only one active test 
loop at a time. The mobile station opens the test loop and acknowledges the 
message it has received with an acknowledge message called e.g. OPEN Multi- 
slot_loop_ACK. As the test loop is opened the mobile station returns from test 
mode to normal operating mode. 
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Next it will be considered a case where the test equipment wants the mobile station 
to loop back the downlink data transmitted on the data channel after demodulation, 
decryption and channel decoding, i.e. from point 327 to point 330, as depicted by 
arrow 333 in Fig. 3. For simplicity, this test loop can be called the H loop. Let the 

5 data channel to be tested be a HSCSD channel. The test equipment sends a 
CLOSE_Multi-slotJoop_CMD message, which now preferably contains an identi- 
fier on the basis of which the mobile station knows that the loop is an H loop. If 
there can be several kinds of data channels, the data channel in question must also 
be identified. Again, the test equipment advantageously starts a timer as the message 

10 is sent, and the mobile station has to acknowledge the message in a certain period of 
time set in the timer. The mobile station acknowledges the message with a 
CLOSE Jrfulti-slot_loopJ\CK and the test equipment stops said timer. The mobile 
station closes the test loop in a certain period of time from the sending of the 
acknowledge. Said period of time preferably equals the one that was described 

1 5 above in the case of the G loop. 

The operation according to the H loop differs from that of the G loop in that as 
channel decoding has been performed before the data are looped back uplink, the 
mobile station is able to examine whether the received data frames contain errors 
that are revealed by means of checksums included in the data frames. The contents 

20 of all error-free received data frames are looped back to uplink data frames 
belonging to the same data channel and those uplink data frames are fed to the 
channel encoder. If the mobile station detects an erroneous data frame it notifies the 
test equipment e.g. by filling the appropriate uplink data frame with zeroes before 
the uplink data frame is fed to the channel encoder. In the GSM system it is also 

25 possible that the mobile station detects in connection with decoding on the basis of 
the values of the stealing flags that the frame contains data related to the FACCH 
channel. The invention does not limit the handling of such frames in the test 
situation. An advantageous solution is to let both the uplink and downlink FACCH 
channel operate normally in the test situation, specifying no test response for the 

30 reception of a frame belonging to the downlink FACCH channel. The same applies 
to the SACCH channel. Opening of the H loop is carried out in the same way as 
opening of the G loop described above. 

Above it was said that the mobile station loops all the received data back uplink 
after the closing of the test loop. However, this is just a general principle. Data 
35 channels typically may be asymmetric between the uplink and downlink directions, 
i.e. a multi-slot channel, for example, may have more downlink timeslots than 
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uplink timeslots per frame. To take this into account, advantageous operation both 
in the G loop case and H loop case includes two alternative mechanisms, and the 
test equipment can indicate in its CLOSE__Multi-slot_loop_CMD message which 
one of the mechanisms is activated. 

S According to die first mechanism, the mobile station loops the data received in a 
given downlink timeslot back to a certain timeslot of the uplink channel which in 
HSCSD is called the main uplink slot and in GPRS the uplink PACCH timeslot. The 
downlink timeslot the looping back of which is thus specified is called timeslot X. 
The invention does not limit the specification of timeslot X. 

10 According to the second mechanism, the mobile station loops back the contents of 
as many received downlink timeslots as possible in the uplink direction in accord- 
ance with certain rules. For HSCSD and GPRS the advantageous rules are as 
follows: 

* HSCSD: loop back all bi-directional timeslots and ignore the unidirectional down- 
15 link timeslots. This arrangement maintains the logical association with the bi- 
directional timeslots, which is specified in HSCSD. 

* GPRS: start with the first downlink timeslot in the frame and loop it back to the 
first uplink timeslot. Loop back the second downlink timeslot in the frame to the 
second uplink timeslot and so on, until all the downlink timeslots in die frame have 

20 been looped back or there are no more uplink timeslots available. 

The following general rules apply preferably to all data channel test loops: 

- the order of the received downlink data shall be preserved in the loopback, 

- one OPENJMulti-siotJoop_CMD message shall open all active data channel test 
loops, 

25 - assignment to a new multi-slot channel timeslot configuration shall be preceded by 
an OPEN Multi-slot Joop CMD message to open existing test loops, 

- it is the responsibility of the test equipment to ensure correct configuration for the 
test, 

- disconnection of a data call shall open the test loops in the same way as an 
30 OPEN Multi-slot Joop_CMD message, 

- changing the transmission power, a new channel assignment or a handover shall 
not affect the test loops, 

- the test equipment shall ensure that a new channel assignment, handover or 
reconfiguration will not include a timeslot configuration that would affect die test 

35 loop, 



WO 99/63764 



PCT/F199/00481 



13 

- if the above-mentioned first mechanism is used and a timeslot that does not belong 
to the current timeslot configuration is specified as the new timeslot X, the mobile 
station shall ignore the new specification of timeslot X and send a negative ac- 
knowledgement; the test loop state will not be changed, 

5 - once the test loop is closed, a new CLOSE^Multi-slotJoop^CMD message shall 
override the previous one (multiple CLOSE^Multi-slotJoop^CMD messages are 
not additive), 

- if the data call is disconnected and the test loops are therefore opened, there is no 
need to send a separate OPEN_Multi-slot Joop_CMD message, 

10 - a data channel test loop affects only the data channel in question, not e.g. the 
operation of FACCH or SACCH channels, and 

- data channel test loops have no effect on the operation of possible other simul- 
taneous test loops nor are dependent on them. 

The following tables present some preferred forms for the above-mentioned 
15 commands. In the tables, M stands for "mandatory presence". V stands for "value". 
The lengths of information elements are given in octets. 
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CLOSEJVIulti-slot_LOOP_CMD 



This message is only sent in tl 


ie downlink direction ( 


from test equipment to mobile sc 


Uion). 


Information Element 


Reference 


Presence 


Format 


Length 


Protocol discriminator 


GSM 04.07 
sect. 11.2.1 


M 


V 


'/i 


Skip indicator 


GSM 04.07 
sect 11.2.2 


M 


V 


Vi 


Message type 




M 


V 


1 1 






M 


V 


1 



where message type is: 

8 7 6 5 4 3 2 1 bit no. 



0|o|ll0l0l0l0l 0 I Octet 1 



and loop type is: 

8 7 6 5 4 3 2 1 bit no. 

| TN I Loop mechanism | CHC ~| Octet 1 

CHC, channel coding 

00 = channel coding not needed, test loop to be activated is G loop 

01 = channel coding needed, test loop to be activated is H loop 
10 Other values reserved 

Loop mechanism 

000 = mechanism 1 

001 = mechanism 2 
Other values reserved 

15 TN, timeslot number 

Timeslot number is used only if loop mechanism indicates mechanism 2 

TN field is coded as a binary representation of timeslot number as defined in specification 

GSM 05.10 

Range: 0 to 7 

20 
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CLOSE_Multi-slot_LOOP_ACK 



Information Element 


Reference 


Presence 


Format 


Length 


Protocol discriminator 


GSM 04.07 
sect. 11.2.1 


M 


V 


Vt 


Skip indicator 


GSM 04.07 
sect. 11.2.2 


M 


V 


Vi 


Message type 




M 


V 


1 


Result 




M 


V 


1 



where message type is: 



10 10 


1 I o 


0 0 | 0 


1 


and result is: 
8 7 


6 5 


4 3 2 


1 


I 0 | 0 
1 spare 1 spare 


CHC 


Loop mechanism 


Error 
Ind 



CHC, channel coding 

00 = channel coding not needed, test loop to be activated is G loop 

01 = channel coding needed, test loop to be activated is H loop 
Other values reserved 

10 Loop mechanism 

000 = mechanism 1 

001 = mechanism 2 
Other values reserved 

Error Ind, error indication 
15 0 = multi-slot channel test loop connected successfully 

1 = multi-slot channel test loop connection foiled 



bit no. 
Octet 1 



bit no. 
octet 1 



OPEN_Multhslot_LOOP_CMD 



20 



This message is onlv sent in the downlink direction ( 


from test equipment to mobile station). 


! Information Element 




Presence 


Format 


Length 


Protocol chscriminator 


GSM 04.07 
sect. 11.2.1 


M 


V 


'A 


Skip indicator 


GSM 04.07 
sect. 11.2.2 


M 


V 


Vi 


Message type 




M 


V 


1 


where message type is: 
8 7 6 


5 4 


3 2 


1 bit no. 


0 I 0 1 


0 I 0 


0 1 1 I 


0 | Octet 1 
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OPEN_Multi-slot_LOOP_ACK 



This message is only sent in t 


ie uplink direction (from mobile station to test equipment). 


Information Element 


Reference 


Presence 


Format 


Length 


Protocol discrirriinator 


GSM 04.07 
sect 11.2.1 


M 


V 


l A 


Skip indicator 


GSM 04.07 
sect 11.2.2 


M 


V 


'/» 


Message type 




M 


V 


1 



where message type is: 
8 7 6 



0 I 0 I 



] 



bit no. 
Octet 1 



The names and specifications mentioned in this patent application which are related 
to a certain system or equipment are given by way of example and do not affect the 
applicability of the invention in all mobile communication systems in which the 

10 mobile station can operate on data channels. Furthermore, the invention may be 
modified in many ways within the scope of the inventional idea defined by the 
claims set forth below. For example, the closing of the test loop and setting of the 
mobile station in test mode, as well as the opening of the test loop and returning the 
mobile station back in normal mode may in a modification of the invention be 

15 realized in some other way than by means of a command sent by the test equipment 
It can even be thought that these functions are carried out manually, by setting a 
switch or connector in the mobile station to a desired position. However, as far as 
test fluency and automation are concerned, it is advantageous that these functions 
can be performed using commands sent by the test equipment. 
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Claims 

1. A method for testing the functioning of a data channel in a mobile station, 
which comprises means (301, 302, 303, 304, 326) for receiving downlink data from 
test equipment, and means (331, 310, 311, 312, 313) for transmitting uplink data to 

5 the test equipment, characterized in that in response to a command of a certain 
protocol level received from the test equipment the mobile station establishes a data 
channel test loop (204, 332, 333) to loop downlink data received from the test 
equipment back to the uplink direction to the test equipment, and during the test, the 
reception of downlink data and transmission of uplink data in the mobile station are 

10 carried out controlled by said protocol level. 

2. The method of claim 1, characterized in that in response to said command of 
a certain protocol level received from the test equipment the mobile station is set in 
test mode in which a notification about a connection established between the test 
equipment and mobile station is not sent to protocol levels higher than said protocol 

15 level. 

3. The method of claim 1, characterized in that said protocol level is a Layer 3 
RR level. 

4. The method of claim 1, characterized in that when the test loop is established, 
downlink data is sent from the test equipment to the mobile station and the down- 

20 link data is looped back uplink to the test equipment by means of the test loop and 
the original contents of the downlink data are compared with the contents of the 
data sent back to the test equipment in the uplink direction in order to measure the 
bit error ratio in the mobile station. 

5. The method of claim 1, characterized in that in a mobile station, which 
25 comprises means for converting the received downlink data to baseband (302) and 

means for demodulating (303), decrypting (304) and channel decoding (326) the 
data converted to baseband, the downlink data are looped back (332) to the uplink 
direction after the demodulation (303) and decryption (304) but prior to channel 
decoding (326). 

30 6. The method of claim 5, characterized in that a mobile station in a com- 
munications system using bursty transmission loops the information bits included in 
a burst received on a downlink data channel back to a certain uplink burst 
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7. The method of claim 1, characterized in that in a mobile station, which 
comprises means for converting the received downlink data to baseband (302) and 
means for demodulating (303), decrypting (304) and channel decoding (326) the 
data converted to baseband, the downlink data are looped back (333) to the uplink 

5 direction after the demodulation (303), decryption (304) and channel decoding 
(326). 

8. The method of claim 7, characterized in that a mobile station in a 
communications system which uses data frames on data channels loops the 
information bits included in a data frame received on a downlink data channel back 

10 to a certain uplink data frame if the downlink data frame was received error-free, 
and generates an uplink indicator data frame if the downlink data frame was 
received erroneous. 

9. The method of claim 8, characterized in that the uplink indicator data frame is 
comprised of zero bits instead of information bits. 

15 10. Thejnethod of claim 1, characterized in that pncethe test loop is established, 
the data received in a certain predetermined timeslot of a downlink channel is 
looped back to a certain predetermined most significant timeslot of an uplink 
channel. 

11. The method of claim 10, characterized in that the entity comprised of the 
20 downlink and uplink channels is a HSCSD channel, and said predetermined most 

significant timeslot of the uplink channel is the main uplink timeslot of the uplink 
channel. 

12. The method of claim 10, characterized in that the entity comprised of the 
downlink and uplink channels is a GPRS channel, and said predetermined most 

25 significant timeslot of the uplink channel is the PACCH timeslot of the uplink 
channel. 

1 3 . The method of claim 1, characterized in that when the test loop is established, 
all timeslots defined as bi-directional are looped back to the uplink direction and 
unidirectional downlink timeslots are ignored. 

30 14. The method of claim 1, characterized in that when the test loop is established, 
the first downlink timeslot of die downlink frame is looped back to the first uplink 
timeslot of die uplink frame, the second downlink timeslot of the downlink frame is 
looped back to the second uplink timeslot of the uplink frame, and so on, until all 



WO 99/63764 



PCT/FI99/0Q481 



19 

downlink timeslots of the downlink frame have been looped back or the uplink 
frame has no more uplink timeslots available. 

15. A mobile station which comprises means (301, 302, 303, 304, 326) for 
receiving downlink data from test equipment, and means (33 1, 310, 311, 312, 313) 

5 for sending uplink data to the test equipment, characterized in that it comprises 
means for looping (204, 332, 333) downlink data received from the test equipment 
back to the uplink direction to the test equipment in response to a command of a 
certain protocol level, controlled by said protocol level. 

16. The mobile station of claim 15, characterized in that it is arranged to operate 
10 under the control of a protocol according to a certain protocol stack such that said 

command is a command of a certain predetermined protocol level, and in response 
to the reception of said command the mobile station is arranged so as to enter a test 
mode in which it does not send a notification of the connection established between 
the test equipment and mobile station to protocol levels higher than said protocol 
15 level 

17. The mobile station of claim 15, comprising 

- means (302) for converting received downlink data to baseband, a demodulator 
(303) for demodulating the data converted to baseband, a decryption block (304) for 
decrypting the demodulated data, and a channel decoder (326) for channel decoding 

20 the demodulated and decrypted data, and 

- a channel encoder (331) for channel encoding uplink data, an encryption block 
(310) for encrypting the channel encoded uplink data, a modulator (311) for 
modulating the encrypted channel encoded uplink data to baseband oscillation, and 
means (3 12) for converting die resulting uplink signal to transmission frequency and 

25 for transmitting said signal, 

characterized in that said means for looping back the downlink data to the uplink 
direction comprises means for establishing a connection (332) from the output of 
the decryption block (304) to the input of the encryption block (309). 

18. The mobile station of claim 15, comprising 

30 - means (302) for converting received downlink data to baseband, a demodulator 
(303) for demodulating the data converted to baseband, a decryption block (304) for 
decrypting die demodulated data, and a channel decoder (326) for channel decoding 
die demodulated and decrypted data, and 

- a channel encoder (331) for channel encoding uplink data, an encryption block 
35 (310) for encrypting the channel encoded uplink data, a modulator (311) for 
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modulating the encrypted channel encoded uplink data to baseband oscillation, arid 
means (3 12) for converting the resulting uplink signal to transmission frequency and 
for transmitting said signal, 

characterized in that said means for looping back the downlink data to the uplink 
5 direction comprises means for establishing a connection (333) from the output of 
the channel decoder (326) to the input of the channel encoder (33 1). 

19. The mobile station of claim 15, characterized in that it is a GSM mobile 
station equipped for HSCSD functions. 

20. The mobile station of claim 15, characterized in that it is a GSM mobile 
10 station equipped for GPRS functions. 
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